Atherosclerosis is a progressive and complex pathophysiological process occurring in large arteries. Although it is of multifactorial origin, the disease develops at preferential sites along the vasculature in regions experiencing specific hemodynamic conditions that are predisposed to endothelial dysfunction. The exact mechanisms allowing endothelial cells to discriminate between plaque-free and plaque-prone flows remain to be explored. To investigate such mechanisms, we performed a proteomic analysis on endothelial cells exposed in vitro to these two-flow patterns. A few spots on the two-dimensional gel had an intensity that was differentially regulated by plaque-free versus plaque-prone flows. One of them was further investigated and identified as macrophage-capping protein (Cap G), a member of the gelsolin protein superfamily. A 2-fold increase of Cap G protein and a 5-fold increase of Cap G mRNA were observed in cells exposed to a plaque-free flow as compared with static cultures. This increase was not observed in cells exposed to plaque-prone flow. Plaquefree flow induced a corresponding increase in nuclear and cytoskeletal-associated Cap G. Finally, overexpression of Cap G in transfection assays increased the motility potential of endothelial cells. These observations together with the known functions of Cap G suggest that Cap G may contribute to the protective effect exerted by plaque-free flow on endothelial cells. On the contrary, in cells exposed to a plaque-prone flow, no induction of Cap G expression could be observed.
The endothelium is a semiselective barrier between the blood and the vessel wall. Endothelial cells (ECs) 1 are continuously exposed to mechanical forces generated by blood flow (1) . The disturbance of endothelial homeostasis can lead to endothelial dysfunction, triggering several pathological processes including atherosclerosis. Hemodynamic forces have been shown to play a preponderant role in regulating cell function and structure in the endothelium. Among these forces, shear stress represents a major stimulus. Localization of atherosclerotic plaques is correlated with regions characterized by a flow with low mean shear stress values and a cyclic reversal flow direction (named also oscillatory flow) (2) (3) (4) . This contrasts with plaque-free sections where ECs are exposed to unidirectional shear stress. However, little is known regarding the mechanism by which this particular environment might predispose the endothelium to damage. Interestingly, the expression of several genes has been shown to be differentially regulated by unidirectional and oscillatory flow. Unidirectional shear stress increases expression of proteins involved in adaptive process to reduce flow-induced endothelium damage as shown by the upregulation of endothelial nitric-oxide synthase gene expression (5) (6) (7) . In contrast, oscillatory shear stress induces expression of genes implied in the development of plaques such as the vascular cell adhesion molecule-1 or endothelin-1 growth factor (6, 8) . Endothelial morphology is also influenced by the prevailing hemodynamic conditions. Indeed, unidirectional but not oscillatory shear stress induces an elongation and an alignment of ECs in flow direction through actin assembly and reorganization (6, 9) . This elongation process is evident 12-24 h after flow exposure and is reversible (10) . Mechanisms triggering this process involve integrin molecules activation, transient RhoA GTPase inhibition (11, 12) , intracellular Ca 2ϩ mobilization, and p38 mitogen-activating protein kinase activation (9, 13) . Modulation of these signaling molecules is necessary to induce a complex cytoskeletal reorganization that includes formation of actin-stress fibers and that is necessary for cellular morphology changes. Therefore, mechanotransduction mechanisms leading to cytoskeletal dynamic changes are strongly suggested to imply a large number of actin-binding proteins. Among these binding proteins, the gelsolin family can control many aspects of actin organization by severing filament ends and nucleating actin assembly (14) . Gelsolin is the founding member of this family that now contains six members: gelsolin, villin, adseverin, macrophage-capping protein (Cap G) , advillin, and supervillin (15) . In contrast to gelsolin, Cap G binds and caps actin filament but does not sever them (16, 17) . Its binding to actin is reversible by reducing Ca 2ϩ concentration (18) . Indeed, Cap G rapidly dissociates from the barbed end of actin when Ca 2ϩ concentration becomes submicromolar (14) . Cap G and gelsolin also differentiate themselves by their cellular distribution. Whereas gelsolin is exclusively present in the cytoplasm, Cap G has been found in the nuclei (19) . Moreover, phosphorylated Cap G is preferentially associated with nuclear location (20) . Studies of gelsolin knock-out cells suggest that this protein regulates morphology of stress fibers, facilitates the wound * This work was supported by the Swiss National Science Foundation Grant 32-65129.01. The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
The healing responses, and enhances chemotaxis (18, 21) .
Understanding the mechanisms responsible for the selective sensitivity of ECs to different hemodynamic environments could allow us to get new insights into the development of atherogenesis. Taking advantage of our unique perfusion system combining shear stress, hoop stretch, and pressure (22) in association with a proteomic analysis, we identify Cap G as a novel differentially regulated gene. Indeed, Cap G gene expression is induced in ECs exposed to plaque-free flow, whereas a plaque-prone flow (oscillatory flow) fails to induce such expression. We also demonstrated that unidirectional flow, but not oscillatory flow, increases the association of Cap G with the cytoskeleton and Cap G nuclear location. Moreover, overexpression of Cap G enhances EC-migrating capacities. Taken FIG. 1. Two-dimensional gel electrophoresis analysis of flow-exposed BAECs. A, cells were exposed to either 0.3 Ϯ 0.1 and 6 Ϯ 3 dynes/cm 2 (unidirectional flow) or 0.3 Ϯ 3 dynes/cm 2 (oscillatory flow). Total proteins (100 g) were separated by two-dimensional gel electrophoresis. Visualization was done using ammonium silver staining. A typical result is shown indicating the localization of the spots numbered 69, 507, 759, and 926 of which intensities were shown to be differentially regulated by unidirectional versus oscillatory flow. B, quantification of spot intensity variation was performed using the Melanie II software. Values are expressed as the fold increase over static cultures, which were fixed to 1 (n ϭ 4).
together, these observations suggest a key role of Cap G in the signaling pathway triggered by unidirectional flow and also in the increased wound healing facility of plaque-free regions.
EXPERIMENTAL PROCEDURES

Cell Culture
Bovine aorta endothelial cells (BAECs) were isolated from aorta as described previously (6) . Cells were grown in low glucose Dulbecco's modified Eagle's medium (Amimed) supplemented with 10% fetal calf serum (Amimed), 4 mmol/liter GLUTAMAX (Invitrogen), 10 mg/ml streptomycin, and 100 IU/ml penicillin (Invitrogen). Cells were used between passages 3 and 5.
Experimental System
The system has been described in more detail elsewhere (6, 22) . It is composed of compliant tubes coated with 20 g/ml bovine fibronectin and seeded with ECs. Tubes were mounted onto specially designed fittings. When cells formed a confluent monolayer, they were inserted in a perfusion loop composed of a medium reservoir and a gear pump (Ismatec). The pump is controlled by a function generator (Hewlett Packard) to produce a 1-Hz sinusoidal flow rate. Reservoir medium is composed of culture medium supplemented with 2% dextran (M r ϭ 70 000) (Sigma) to increase the viscosity to 1.07 ϫ 10 Ϫ3 N m Ϫ2 ⅐s Ϫ1 . The reservoir is constantly gassed by a 10% CO 2 , 90% air mixture to keep a constant pH of 7.2. Both reservoir and fittings were kept at a constant temperature of 37°C in a water bath. Cells were exposed to unidirectional flow (6 Ϯ 3 or 0.3 Ϯ 0.1 dynes/cm 2 ) or alternatively to oscillatory flow (0.3 Ϯ 3 dynes/cm 2 ). Pressure mean value was maintained to 100 mmHg. At the end of the experiment, cells were harvested by trypsin digestion and further processed.
Two-dimensional Electrophoresis-Cells were harvested in RSB buffer (7 mol/liter urea, 2 mol/liter thiourea, 4% CHAPS, 1.25% Servalyt 3-10). For each sample, 100 g of proteins were resolved on a two-dimensional gel. First dimension was performed using immobilized pI gradient (Bio-Rad). Samples were loaded in gel overnight and further processed on an isoelectric focusing device (Bio-Rad). A total of 35,000 V was applied to each strip. Proteins were then separated on a 12.5% SDS-polyacrylamide gel. Gels were silver-stained and scanned using a Full cover G12D personal densitometer laser PD-SI (Amersham Biosciences). Gel image files were directly imported in Melanie II software (Genebio). Reference standards for molecular weight (Sigma) and isoelectric point (Amersham Biosciences) were used to characterize the detected spots.
The spot number 507 was isolated from a preparative gel loaded with 500 g of total protein lysate. In this gel, proteins were revealed using Gel Blue Code (Pierce) and subsequent washes in water. The spot was excised from the gel and sent to M-Scan (Plan-les-Ouates, Switzerland) to be further characterized by mass spectrometry and MS/MS sequencing.
Identification and Cloning of Bovine Cap G cDNA-Bovine Cap G cDNA has been identified through in silico screening of GenBank TM databases (BLAST algorithm: National Center for Biotechnology Information, www.ncbi.nlm.nih.gov/). Conventional cDNA cloning was achieved by PCR using BAEC cells as a source of template. The designed primers were forward primer, 5Ј-AACAGATCCAGAAACAG-CATGTACT-3Ј, and reverse primer, 5Ј-ACTGACCAGAAGGTCAGAG-GAGGAG-3Ј). The amplification was performed with a proofreading enzyme (Qiagen). The resulting blunt-ended fragment was then cloned into the vector pCR®-Blunt II-TOPO® vector (Invitrogen) as detailed in the manufacturer's protocol. Two different clones were sent for sequencing.
Sequence Analysis of Encoding Bovine Cap G Protein
The open reading frame and amino acid sequence were predicted using the translate tool (www.infobiogen.fr/services/analyseq/cgi-bin/ traduc_in.pl). The predicted bovine Cap G protein was aligned with the orthologous Cap G from human and mouse using the ClustalW (www.
FIG. 2. Immunoblotting analysis of
Cap G protein induction in BAECs exposed to flow. A, BAEC protein lysates were harvested after 24 h of flow exposure and assayed for Cap G expression using a specific antibody. Quantification of band intensities was performed by laser-scanning densitometry and resumed in an histogram that shows Cap G protein levels in cells exposed to either unidirectional flow (0.3 Ϯ 0.1 or 6 Ϯ 3 dynes/cm 2 ) or oscillatory flow (0.3 Ϯ 3 dynes/cm 2 ) for 24 h. B, a kinetic study of Cap G protein level induction by unidirectional flow (6 Ϯ 3 dynes/cm 2 ) was performed. In both cases, protein level in static cultures was fixed to 1. Results are expressed as mean Ϯ S.D. and represent fold increase as compared with static controls (*, p Ͻ 0.01, n ϭ 4).
infobiogen.fr/services/analyseq/cgi-bin/clustalw_in.pl) and Boxshade 3.21 programs (www.ch.embnet.org/software/BOX_form.html).
Immunoblotting-After lysis in RIPA buffer (1% deoxycholic acid, 0.15 mmol/liter NaCl, 0.1% sodium dodecyl sulfate, 1% Nonidet P-40, 0.01 mmol/liter sodium phosphate, 2 mmol/liter EDTA, protease inhibitor mixture, pH 7.4), protein concentrations were determined according to Bradford method. 10 g of soluble proteins were run in a 10% SDS-PAGE and transferred onto nitrocellulose membranes (ECL nitrocellulose, Amersham Biosciences). Specific antibodies were used to detect Cap G (rabbit polyclonal), eGFP (mouse monoclonal, 3E6, Molecular Probes), and ␤-actin (mouse monoclonal, AAN02, Cytoskeleton) protein levels by immunoblotting. Hybridization was performed in blotting buffer (Tris 20 mmol/liter, pH 7.6, 0.1% Tween 20, 5% dry milk) for 18 h at 4°C. First antibody was revealed using anti-rabbit or antimouse secondary antibodies conjugated to horseradish peroxidase (Amersham Biosciences) and a chemiluminescent detection system (Amersham Biosciences).
Immunofluorescence-Cells were fixed in 4% paraformaldehyde and permeabilized with 0.1% Triton X-100 in phosphate-buffered saline for 3 min. We then incubated the cells with a specific antibody for Cap G (1:200 dilution in phosphate-buffered saline containing 10% of normal goat serum). After washing, cells were incubated in the presence of a goat anti-rabbit IgG rhodamine-conjugated antibody (1:100 dilution in phosphate-buffered saline containing 10% normal goat serum, Calbiochem). Cells were then analyzed for red and green fluorescence.
RNA Preparation and Northern Blot Analysis-RNA was extracted from trypsinized cells using RNeasy kit (Qiagen). 5 g of total RNA were separated on 1.2% agarose, 2.2 mol/liter formaldehyde gel, transferred to a Biodyne A membrane (Pall), and hybridized with radiolabeled cDNA probe spanning the human Cap G sequence. After hybridization, membranes were washed in 2ϫ SSC (1ϫ SSC ϭ 150 mmol/liter NaCl, 15 mmol/liter trisodium citrate dehydrate) for 5 min at room temperature and then once in 0.5ϫ SSC, 1% SDS for 30 min at 65°C. Transcript levels were quantified using an electronic autoradiography apparatus (Instant Imager, Packard) and normalized to the glyceraldehyde-3-phosphate dehydrogenase signal.
Differential Detergent Fractionation-Subcellular fractionation was performed essentially as described by Ramsby and Makowski (23) . Cells were permeabilized using ice-cold 0.015% digitonin, 400 mmol/liter sucrose, 100 mmol/liter NaCl, 10 mmol/liter PIPES, pH 6.8, for 10 min. Extraction mixture was then centrifuged at 480 ϫ g for 10 min at 4°C, and supernatant containing cytosolic fraction was removed. Digitonininsoluble pellets were resuspended in ice-cold 0.5% Triton X-100, 400 mmol/liter sucrose, 100 mmol/liter NaCl, 10 mmol/liter PIPES, pH 7.4, for 30 min at 4°C. The supernatant (membrane fraction) was collected by centrifugation at 500 ϫ g for 10 min at 4°C. Nuclear fraction was obtained resuspending pellet in 0.5% deoxycholic acid, 1% Tween 40, 5 mmol/liter PIPES, 0.5 mmol/liter MgCl 2 . After centrifugation at 6780 ϫ g for 10 min, insoluble fraction representing cytoskeletal fraction was resuspended in 0.5% SDS, 10 mmol/liter sodium phosphate buffer, pH 7.4. All of the buffers were supplemented with EDTA-free protease inhibitor mixture (Roche Applied Science).
Transfection and Cell Motility Assay-Cap G cDNA mouse was inserted into pIRES2-eGFP plasmid (Clontech). Transfection into BAECs was performed using FuGENE 6 reagent (Roche Applied Science) following manufacturer's instructions. A ratio of 3 ml of FuGENE 6 for 1 mg of DNA was used. Cells were analyzed 24 h after transfection. Transfection efficiency was determined by cytofluorometry after transfection with pIRES2-eGFP plasmid.
Cell migration was evaluated using a modified Boyden chamber assay (Chemicon). Transfected cells (2.5 ϫ 10 5 cells/well) were placed inside the chamber and allowed to migrate for 24 h through 8 M pore membrane. Migrated cells were then stained and counted and then analyzed for fluorescence.
Statistical Analysis-Data are expressed as means Ϯ S.D. Variance analysis was performed using ANOVA. Comparison between groups was performed using Student's t test. p values Ͻ 0.05 were considered significant.
RESULTS
Increased Cap G Expression in ECs Exposed to a Plaque-free
Flow-To investigate differential effect of plaque-free versus plaque-prone flow on protein expression, we performed twodimensional gel electrophoresis on total protein lysates of ECs exposed to these flow patterns. Four two-dimensional gels for each condition (static, 0.3 Ϯ 0.1, 6 Ϯ 3, and 0.3 Ϯ 3 dynes/cm 2 ) were considered. This analysis allowed us to resolve approximately 2500 protein spots (Fig. 1A) . Among them, the intensities of spots numbered 69, 507, 759, and 926 were shown to be differentially regulated by unidirectional and oscillatory flow (Fig. 1B) . We decided to further investigate the identity of spot number 507 corresponding to an acidic protein with an estimated isoelectric point (pI) of 6.35 and an apparent molecular mass of 38,975 Da. This choice was based on the clear difference of spot intensity in cells exposed to unidirectional flow as compared with cells exposed to oscillatory flow and on the relative high amount of this protein present in extracts of cells maintained in static cultures that was favorable for further analysis. Protein corresponding to spot 507 has been identified by mass spectrometry coupled to nanosequencing of two tryptic peptides derived from trypsin digestion. Amino acid sequences revealed a 100% homology with human Cap G.
To confirm the two-dimensional gel data, anti-Cap G antibodies were used in Western blot analysis. As expected, Cap G level increases in BAECs exposed to unidirectional shear stress for 24 h (Fig. 2A) . Cap G protein level was significantly induced in cells exposed to higher unidirectional shear stress, whereas oscillatory flow failed to induce its expression ( Fig.  2A) . Kinetic studies of Cap G protein induction by unidirectional shear stress revealed a first induction after 4 h of flow exposure (6 Ϯ 3 dynes/cm 2 ) and reached a maximum after 24 h (Fig. 2B) .
To monitor whether differential Cap G gene expression also occurred at the mRNA level, cells were exposed to unidirectional or oscillatory flow for 24 h and Cap G transcript levels were revealed by Northern blot using a human cDNA probe. Expression levels in cells exposed to flow for 24 h were compared with that observed in static conditions. Low shear stress 0.3 Ϯ 0.1 dynes/cm 2 induced a 3.0-fold increase in Cap G mRNA, whereas higher level of pulsatile unidirectional flow The location of the three gelsolin-like domains and of the two peptides isolated from the spot on the two-dimensional gel is indicated. B, reverse-transcribed PCR using BAEC total RNA and specific primers for bovine Cap G allowed us to amplify a 1064-bp fragment that was used for further screening. C, using ClustalW software, murine, bovine, and human Cap G amino acid sequences were compared with each other. Identical residues are indicated in black, similar residues in gray, and different residues are not colored.
(6 Ϯ 3 dynes/cm 2 ) mediated a 5.8-fold increase in Cap G mRNA expression as compared with static conditions (Fig. 3, A and B) . As it was the case at the protein level, oscillatory flow failed to induce an increase in Cap G mRNA level.
Identification and Cloning of Bovine Cap G cDNA-Using the human Cap G cDNA sequence NM_001747 as query sequence, we performed a BLAST analysis of ESTs in GenBank TM databases and picked up all of the related bovine ESTs. Among these ESTs, four were specifically chosen and analyzed for overlapping to generate a single sequence of 1240 base pairs (GenBank TM accession numbers BI976967, BE757273, AV607336, and AV617452) (Fig. 4A) . The complete nucleotide sequence has been reported in GenBank TM as AY219899. To verify that this mRNA is expressed in BAECs, we designed oligonucleotide primers encompassing the putative start and stop codons. A fragment of 1064 base pairs was amplified by PCR from BAEC cells (Fig. 4B ). The isolated cDNA was then subcloned into pCR-Blunt II-TOPO®. Two different clones were sequenced. The cDNA sequences were identical to that predicted by bioinformatical tools.
The cDNA contained an open reading frame from nucleotide 96 (putative start codon) to nucleotide 1143 (putative stop codon) capable of encoding a 349-amino acid polypeptide with a predicted molecular mass of 39 kDa (Fig. 4A) . BLAST analysis in protein databases predicted three conserved domains reported as gelsolin domains (amino acids position: gelsolin 1-(19 -110); gelsolin 2-(139 -228); gelsolin 3-(253-348)). To validate the predicted amino acid sequence of the bovine Cap G protein, we have searched the two peptides sequenced from mass spectrometry in our sequence. The two peptides sequenced by MS/MS following two-dimensional gel electrophoresis separation were located at the carboxyl-terminal region of the protein (peptide 1-(310 -315) and peptide 2-(325-332)).
Alignment of bovine Cap G protein with its ortholog from human and mouse is shown in Fig. 4C . Bovine Cap G protein shows a high level of homology to human Cap G (92% identity and 95% similarity) and mouse Cap G (91% identity and 96% similarity) proteins.
Unidirectional Flow Mediates Cap G Cellular Redistribution-Differential detergent fractionation of ECs revealed the presence of Cap G in all of the fractions but predominantly in the nuclear fraction (cytosol 18.1 Ϯ 3.3%; membrane 28.1 Ϯ 3.3%; nuclear 37.1 Ϯ 1.0%; and cytoskeletal 15.8 Ϯ 0.8%). To investigate whether unidirectional shear stress influenced cellular Cap G association to the cytoskeleton, cells were exposed to different flow conditions prior to being lysed using a differential detergent fractionation method. Cytoskeletal-associated Cap G increased rapidly and was already visible after 2 h of flow exposure (Fig. 5) . This association was maintained in time and was still present after 24 h of unidirectional flow exposure. FIG. 5 . Cytoskeletal and nuclear association of Cap G in BAECs exposed to unidirectional shear stress. Cells were exposed to unidirectional flows (0.3 Ϯ 0.1 and 6 Ϯ 3 dynes/cm 2 , black and white bars, respectively) for 2, 4, 6, or 24 h or to oscillatory flow (0.3 Ϯ 3 dynes/cm 2 , gray bar) for 24 h. Proteins were extracted using differential detergent fractionation method, and Cap G protein levels were evaluated in the different fractions by immunoblotting. Data were quantified by laser-scanning densitometry after Western blotting. Results expressed as mean Ϯ S.D. represent fold increase over static controls fixed to 1 (*, p Ͻ 0.05, n ϭ 4).
Moreover, 24 h of exposure to oscillatory shear stress failed to induce Cap G cytoskeletal association (Fig. 5) .
Interestingly, Cap G level in the nuclear fraction also increased in cells exposed to unidirectional shear stress for 24 h. As it was the case for the cytoskeletal-associated Cap G, no increase was observed in cells exposed for 24 h to an oscillatory shear stress (Fig. 5) . Cytosolic and membrane-associated Cap G levels remained similar to static levels at all of the time points considered in cells exposed to both unidirectional and oscillatory shear stress (Fig. 5) .
Transient Cap G Overexpression Mediates BAECs MotilityTo address the role of Cap G in BAECs motility, cells were transfected with a bicistronic vector (pCap G-IRES-eGFP, Clontech) containing a cytomegalovirus promoter driving the expression of Cap G and eGFP cDNA and with the same bicistronic vector containing only the eGFP cDNA as a control (Fig.  6A) . The experimental protocol used allows us to transiently transfect approximately 35% cells (data not shown). Overexpression of Cap G in transfected cells was demonstrated by immunoblotting. Cap G was shown to be overexpressed only in cells transfected with Cap G cDNA-containing expression vector, whereas eGFP was expressed also in cells transfected with control vector (Fig. 6B) . ␤-Actin detection was used to prove equal protein loading in the different lanes. These data were also confirmed by immunofluorescence study (Fig. 6C) .
To test motility capacities, transfected cells were distributed in the Boyden chambers and motility was measured 24 h later as the rate of cell migration through membrane pores. The number of migrating cells is significantly increased when cells have been previously transfected with Cap G-expressing vector as compared with untransfected cells and to cells transfected with the expression vector carrying eGFP cDNA alone (Fig.  6D) . Moreover, when BAECs were transfected with the expressing vector containing both Cap G and eGFP cDNAs, 39% of the migrating cells exhibited green fluorescence emission (Fig. 6E) , further supporting the assumption that all of the transfected cells overexpressing Cap G were migrating.
DISCUSSION
Atherosclerotic plaques preferentially develop where vasculature is exposed to a particular flow pattern corresponding to low mean shear stress values and a cyclic reversal of flow direction. This flow pattern is in contrast to that observed in regions protected against plaque development, which is characterized by a unidirectional feature and higher levels of shear stress (2-4, 24, 25) . Recently, the importance of the hemody- namic forces on ECs has become evident, both at the level of cell morphology as well as at the level of gene expression (1, 4) . Moreover, it has been demonstrated that different hemodynamic conditions reproduced in in vitro experiments induce opposite effect on ECs, particularly in the context of endothelial nitric-oxide synthase, vascular cell adhesion molecule-1, and growth factor gene expression (5, 6, 8, 26) . All of these data suggest that unidirectional flow, typical of plaque-free areas, exerts a "protective" effect on endothelial cells. On the contrary, oscillatory flow encountered at plaque-prone areas appears to influence the preferential development of atherosclerotic plaques due to either the absence of a protective effect or the activation of a predisposing deleterious process. Despite this well accepted hypothesis, no data are so far available on the mechanisms allowing ECs to discriminate between a plaquefree and a plaque-prone flow. To investigate some of these mechanisms, we analyzed the protein patterns in cells exposed to hemodynamic conditions mimicking plaque-free and plaqueprone flows. We used a perfusion system combining shear stress, hoop stretch, and pressure in order to reproduce hemodynamic conditions closed to physiological situations (22) . The two-dimensional gel electrophoresis analysis revealed several protein spots with intensity differentially regulated by unidirectional (plaque-free) versus oscillatory (plaque-prone) flows (Fig. 1) . One of these spots, further characterized by mass spectrometry and peptide nanosequencing, revealed a 100% homology with macrophage-capping protein or Cap G protein, which is a member of the villin/gelsolin family (15) . Up-regulation of Cap G expression by unidirectional shear stress was confirmed by immunoblotting and Northern blot analysis (Figs.  2 and 3) . Induction of mRNA level was more important than that observed for Cap G protein. This apparent paradox may be explained by an inefficient Cap G extraction using RIPA buffer. This hypothesis is supported by the total induction of Cap G protein observed using differential detergent fractionation. Indeed, adding induction folds observed in the cytoskeletal fraction with that observed in the nuclear fraction, a total induction of approximately 5-fold is obtained in cells exposed to high unidirectional shear stress (Fig. 5 ). This result is more consistent with the induction observed at the mRNA level (Fig. 3) .
Cloning and sequencing of bovine Cap G sequence confirmed the conserved structure of Cap G containing three gelsolin-like domains. A comparison with murine and human sequences revealed a great conservation of both amino acids and nucleotides sequences (Fig. 4C) .
Analysis of cellular distribution in fibroblast shows that Cap G is mainly associated with the nucleus and the membrane (19) . Similar to the other members of the gelsolin family, Cap G, which is a Ca 2ϩ -sensitive actin-binding protein, has a capping activity inhibiting polymerization of actin filaments (16) and actively participates in the remodeling of the cytoskeleton. Increase in cytoskeleton-associated Cap G in cells exposed to unidirectional flow is rapid and can be observed already after 2 h of flow exposure (Fig. 5) . This enrichment in cytoskeletonassociated Cap G is consistent with a putative role of Cap G in the modulation of cytoskeletal reorganization induced by unidirectional shear stress (9), leading to cell alignment in flow direction. Moreover, flow-induced cytoskeletal reorganization as well as cellular alignment in the direction of flow are Ca 2ϩ -dependent processes similar to Cap G actin binding activity (9, (27) (28) (29) and therefore further support an involvement of Cap G in these processes. In addition, oscillatory flow, which fails to trigger morphological changes in ECs (6), also fails to induce such an increase in cytoskeleton-associated Cap G level (Fig.  5) , thus supporting this hypothesis. However, the exact mechanisms by which proteins of the villin/gelsolin family may act on flow-induced cytoskeletal reorganization are not completely elucidated.
Unidirectional flow also increases level of Cap G associated with the nucleus (Fig. 5) . Nuclear Cap G increase is observed mainly after 24 of exposure to unidirectional shear stress. Nuclear location of Cap G as well as the functional role of this increase in nuclear Cap G by unidirectional flow remains to be elucidated, but recent reports (30 -32) suggest the existence of a nuclear phosphoinositide signaling pathways. This observation, together with the known capacity of Cap G to bind phosphatidylinositol 4,5-biphosphate and therefore to influence phospholipase C activity (30) , is consistent with the contribution of Cap G in the modulation of this signaling pathway in cells exposed to flow. Moreover, Cap G could act on gene transcription by directly binding to DNA as would be suggested by the presence of a c-Myc-like DNA-binding domain (33) . The other important observation of this study is that plaque-prone flow failed to induce an increase in nuclear-associated Cap G level.
Despite the lack of severing activity (16), Cap G overexpression increases the motility of fibroblastic cells (34) . Moreover, Cap G null macrophages display marked defects on actin-based motile function (35) . To address Cap G influence on the motility properties of ECs, we have transiently transfected BAECs with a bicistronic vector expressing Cap G and eGFP. Overexpression of Cap G protein in these cells was proven by immunoblotting ( Fig. 6B ) and by immunofluorescence (Fig. 6C) . The number of migrating cells, as assessed using Boyden chambers, is increased in Cap G overexpressing cells, and the increase in the number of migrating cells corresponds to the number of fluorescence-exhibiting cells, proving that the observed effects are not due to artifacts linked to transfection protocol but result from Cap G overexpression (Fig. 6E) . This observation suggests that in areas of the vasculature exposed to a plaque-free flow, the wound-healing process may be accelerated in response to increased Cap G gene expression. Indeed, the wound-healing process has been demonstrated to be accelerated by unidirectional flow (36) ; however, the mechanisms remain unknown.
In conclusion, we provide evidence that Cap G is a good candidate to participate to the differential EC sensitivity to plaque-free versus plaque-prone flows. Moreover, based on the observations reported here as well as on the different known activities of Cap G, this protein may act at several levels including cytoskeletal reorganization, gene transcription, and modulation of the signaling pathways. Further investigations will be necessary to assess the roles of Cap G processes and to elucidate the functional role of nuclear Cap G.
